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FISCHER TROPSCH REACTOR

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to PCT Application Num-
ber PCT/GB2012/051668, with an international filing date of
Jul. 13, 2012, which claims priority to Great Britain Patent
Application No. 1112028.4 filed on Jul. 13, 2011, each of
which is herein incorporated by reference in its entirety.

FIELD OF THE INVENTION

The present invention relates to a Fischer-Tropsch reactor.
More particularly, the present invention relates to a Fischer-
Tropsch reactor that incorporates forced flow through a small
pore, thick layer, monolith supported catalyst that incorpo-
rates high levels of heat transfer and that is able to operate
with high levels of catalyst effectiveness.

BACKGROUND OF THE INVENTION

Gas to Liquids processes that combine a reforming tech-
nology for production of synthesis gas with a Fischer-Trop-
sch process are well known. A variety of reforming technolo-
gies and Fischer-Tropsch reactor technologies are available
and have differing efficiencies, complexities, scalabilities and
costs. Three main technologies for the reforming of synthesis
gas are known and they are steam reforming, autothermal
reforming and catalytic partial oxidation. For the largest scale
processes the reforming technology of choice is usually auto-
thermal reforming as this produces the highest levels of ther-
mal efficiency, operates with the lowest amount of steam and
is the most straightforward for building in high capacity
single trains for large world scale plants. This is typically
combined with a slurry phase Fischer-Tropsch process util-
ising a cobalt catalyst. The description of the development of
these technologies is well documented in texts such as A. P.
Steynberg and M. E Dry, Fischer-Tropsch Technology, v 152,
Studies in Surface Science and Catalysis, which is incorpo-
rated herein by reference.

While the drivers for world scale plants is to achieve com-
petitive pricing through the construction of ever larger plants
the high levels of capital investment that are required for such
large plants predicates that the plant must be built at large gas
reserves capable of producing high rates of gas for many
years: fields larger than 1 TcF.

However, much of the world’s gas resources are contained
within smaller widely separated fields where there is insuffi-
cient gas to provide a return on a large scale costly plant. In
these circumstances the challenge is to produce a reduced
cost plant that is optimised for manufacturing on a small scale
with the minimum number of process units.

The concept of a simplified gas to liquids process has been
discussed in a series of papers including “A new concept for
the production of liquid hydrocarbons from natural gas in
remote areas” by K Hedden, A. Jess and T Kuntze, Oil Gas—
European Magazine 1994, which is incorporated herein by
reference.

The challenge of building large Fischer-Tropsch Reactors
is well described in the book by Steynberg and Dry. For the
largest scales the difficulties of producing tube sheets with
diameters of several meters impacts on the cost and so part of
the benefit for slurry bed technology comes from the ease of
fabrication of the largest reactors. At the smaller levels of
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production the reactor complexity can be increased at rela-
tively little incremental cost as the fabrication challenges are
lower.

Furthermore where the plants are located in highly remote
locations including offshore there are further problems that
are hard to solve. For example, while fixed bed Fischer Trop-
sch reactors provide a good solution with large plants there is
a compromise between minimising pressure drop to avoid
crushing of the catalyst and excessive compression costs and
maintaining a high enough velocity to ensure good heat trans-
fer. The result is a pelleted catalyst of dimensions around 1
mm or more, which suffers a loss of 30% or more of its
inherent activity dues to poor catalyst effectiveness attributed
to internal mass transfer limitations. The fixed bed reactors
must also be tall to ensure high enough velocity through the
bed to provide sufficient levels of heat and mass transfer. This
presents difficulties in packaging the reactor for transport to
the site and issues of gas-liquid distribution if the reactor is
moving while located offshore. Egg-shell catalysts have been
proposed that locate the cobalt solely in the surface of the
catalyst pellet and although this reduces the amount of unused
cobalt it is expensive to manufacture and fails to increase the
productivity of the reactor.

The challenges of heat transfer, mass transfer and volumet-
ric efficiency for the Fischer-Tropsch reactor design is well
described in the paper R. Guettel, T. Turek, Comparison of
different reactor types for low temperature Fischer-Tropsch
synthesis: A simulation study, Chemical Engineering Sci-
ence, 64, (2009), 955-964, incorporated herein by reference,
which illustrates the advantages and potential of the various
technologies that are available for hydrocarbon liquid synthe-
sis. While it is relatively straightforward to produce a cobalt
catalyst for Fischer-Tropsch hydrocarbon production that can
operate efficiently on the scale of a few grammes of catalyst,
this paper highlights the challenges of producing a reactor
design capable of maintaining this performance at a commer-
cial scale. Inherently a fixed bed of catalyst cannot operate
with high cobalt efficiency unless particles of less than 200
microns are used. However utilising small particles requires
using low gas velocities and very short catalyst beds if an
excessive pressure drop is to be avoided. This results in poor
heat transfer capabilities if the catalyst is simply packed
within conventionally sized tubes of 25 mm diameter. The
alternative would appear to be to coat the surface of a plate
style reactor with particles of catalyst While this solves the
problem of the heat transfer and provides more heat transfer
surface than is actually needed the construction methods of
these types of reactor require that the process gas plus catalyst
occupies typically 40% or less of the total reactor volume.
Taking into account the manifolding and any pressure con-
taining shell that is require can result in a very low volumetric
efficiency of catalyst packing and a high specific reactor
capital cost. Some of this loss in efficiency can be recovered
through operating the catalyst at higher temperature and with
a higher inherent efficiency, but this can result in a reduced
catalyst life and lower selectivities to desired hydrocarbon
product. It is possible to improve the volumetric loading of
the reactor through the use of larger channels within a micro-
channel device and to then place gas permeable inserts within
the channels. For example WO/2004/050799 describes a thin
layer of catalyst applied to multi-layer gas permeable struc-
tures within micro channels. However thin layers of catalyst,
typically 200 micron or less, are still used in order to maintain
the catalyst efficiency. There is no sealing provided around
the catalyst structures such that the flow of gas is forced
(convective) flow through the porous supports. Instead there
is only convective flow across the surface of the supports; the
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gases must diffuse through the thin layer of support and
catalyst. While not wishing to be bound by theory it is thought
that the lack of forced flow through the porous structure that
results in the necessity of only using thin layers of catalyst.

The same restriction is described in other high activity
configurations of Fischer-Tropsch catalyst. For example in
US 2006/0167120 a high activity catalyst on porous support
is described that again proposes a catalyst layer structure
where the layer must be 200 microns or less to deliver a high
activity catalyst. Without sealing being provided such that
there is forced flow through the porous support the system
relies solely on diffusion for the gases to reach the catalyst
active sites.

Whatever the form of the reactor in the prior art it appears
that the restriction on dimensions of the layer exists. Even
with slurry reactors that utilise freely moving particles such as
in US 2003/0211940 and the catalyst is formed by placement
of'cobalt on a porous support there still remains a requirement
to avoid a thick layer of catalyst if high cobalt activity is to be
achieved. This is again because no forced flow through the
porous structure is achieved.

The perceived importance of utilizing a thin layer is exem-
plified in EP 2341120 Al where by flow of air through the
porous support is used in the catalyst manufacturing method
to remove excess catalyst and keep the layers within the
structure less than 100 microns. Again the reasoning is that it
is not possible to utilize a catalyst on a porous support with
thick layers.

One alternative proposed that allows a high activity bed to
be developed is to use a structured catalyst such as described
in Itenberg et al. US2005/0032921/A1, incorporated herein
by reference, which utilises a high permeability cylindrical
structure with a typical equivalent fixed bed depth of approxi-
mately 5 mm. The gas is forced through the porous structure
which allows the catalyst to operate without severe mass
transfer restrictions. The thermal conductivity of the fused
catalyst structure is sufficient to avoid temperatures differen-
tials of more than 5 deg C. building up across the membrane
structure.

This goes some way to illustrate the method by which the
cobalt structure can be incorporated within the reactor to
maintain the cobalt catalyst efficiency but there are several
problems with the approach presented.

The solution presented utilises the catalyst material as part
of the structural support. It is now well known that even
within complex cobalt based catalyst formulations that the
catalytic species is simply the metallic cobalt. The presence
of other components are there simply to either aid in the
production of the optimum size of metallic cobalt crystallite,
aid the reducibility of the crystallite produced or to inhibit
reaction of the crystallite with the supporting oxide, particu-
larly where aluminum is present. Despite this the correct
combination of cobalt, promoters and stabilisers on the sup-
porting oxide is critical in producing an active catalyst. One
limitation on slurry phase catalysts is that the formulation
must further take into account mechanical strength to produce
an attrition resistant catalyst. Similarly the incorporation of
the cobalt materials into the main body of the catalyst
described by Itenberg et al. is that the catalyst formulation
used must be one that can be fused to produce a support
structure that is mechanically strong enough to be utilised
within a commercial reactor. The problem of producing high
mechanical strength catalysts that are capable of surviving
either slurry phase attrition or the forces associated with the
high pressure drops and packing stresses of a fixed bed pro-
cess. Additionally sufficient porosity must be maintained in
the support structure to accommodate a high concentration of
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the catalyst material. This further compromises the mechani-
cal integrity of the supporting material.

The requirement to use a thermally conducting catalyst to
enable good thermal control of the thick catalyst structure
also places limitations on the formulation of the catalyst
material, restricting access to the highest activity formula-
tions currently described in the literature.

Additionally the permeability of the catalyst structure is
maintained at a very high value to minimise resistance to flow
attributed to the velocity of fluid through the pores. This
results in a catalyst structure which is susceptible to prefer-
ential wetting. Where narrower pores become liquid filled
there is a higher resistance to flow which will results in the gas
preferentially travelling through the emptier pores reinforc-
ing the effect. If the distance between gas paths exceeds the
typically diffusion limiting distance of approximately 0.25
mm then the wetted area of catalyst will show much lower
levels of activity due to reduced concentrations of carbon
monoxide accessing the catalyst. The diffusion of hydrogen is
much more facile than carbon monoxide and so the hydrogen
concentration in these wetted areas will rise. The thicker the
layer of the catalyst used then the higher the permeability of
catalyst layer that is required, and the more susceptible the
layer will be to channeling of the gas through the layers,
producing a catalyst susceptible to localised loss of activity.
This also results in a localised area of high methane produc-
tion on the catalyst, which is highly undesirable.

Furthermore as the main catalyst body which provides the
resistance to flow, that may aid good gas distribution, contains
liquid producing cobalt catalyst as a part of normal function,
then the loss of flow in any region will increase the local
residence time leading to greater production of liquids, and
greater resistance to flow. This instability severely limits the
use of this technology.

Even once the problems of the mass transfer are resolved
and measures are put in place to increase the heat transfer
within the catalyst bed it is critical to remove the heat of
reaction from the catalyst zone in an efficient manner. How
this can be achieved is not described by Itenberg et. al. Inten-
sifying the productivity of a monolith catalyst increased the
intensity of the heat transfer required. Consequently it is most
beneficial if the increased intensity of the catalyst productiv-
ity is accompanied by an increase in the available heat transfer
duty. With monolith catalysts this is difficult as the heat trans-
fer is typically provided by re-circulating fluid, with the high
pumping costs required or use of multiple adiabatic beds with
the associated reactor control problems.

Another alternative is the use of slurry bed technology
where the catalyst particle is suspended within liquid product
mixture agitated by the gas sparging, which while delivering
areactor that has a higher volumetric loading of cobalt within
the reactor and high catalyst effectiveness through the use of
small suspended particles suffers from the difficulties associ-
ated with catalyst attrition. The fine catalyst particles must be
removed from the product solution utilising filtration, either
internal or external to the reactor. These filters have a ten-
dency to block as a result of the catalyst attrition inherent to
the process. Additionally if the reactor is to be located off-
shore where much of the world’s stranded gas resources are
located and where small scale GTL is an attractive proposi-
tion to reduce flaring of gas then movement of the reactor can
cause additional problems of liquid and gas distribution.

What is needed is a reactor design that enables a high heat
transfer solution to be placed within a Fischer-Tropsch Reac-
tor that enables a high catalyst efficiency to be maintained. It
also requires a catalyst support structure that allows the for-
mulations of cobalt catalyst that have high levels of reduc-
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ibility and activity to be incorporated into the structure with-
out the constraints of mechanical strength and thermal
conductivity. Furthermore, to eliminate continuous catalyst
replacement a fixed catalyst structure should be utilised.
Additionally, achieving a high volumetric concentration of
cobalt within the reactor needs to be achieved to produce a
high productivity reactor.

Consequently there is a continuing search for a Fischer
Tropsch reactor technology, particularly suitable for small
scale and off-shore operation that can utilise the latest catalyst
formulations in a highly efficient manner. It is an object of at
least one aspect of the present invention to obviate or mitigate
at least one or more of the aforementioned problems.

It is a further object of at least one aspect of the present
invention to provide an improved fixed bed Fischer-Tropsch
reactor.

It is a further object of at least one aspect of the present
invention to a fixed bed Fischer-Tropsch reactor that incor-
porates forced flow through a small pore catalyst and high
levels of heat transfer that is able to operate with high levels of
catalyst effectiveness.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention there is
provided a reactor for converting synthesis gas in a Fischer-
Tropsch process using a supported cobalt catalyst to produce
heavy paraffins wherein the catalyst is supported on a porous
structure through which the syngas flow is forced.

The porous structures and catalyst are substantially sealed
across the reactor tube, tubes or channel

The catalyst may be cobalt supported on alumina.

The porous support may contain less than 10 wt % cobalt.

The porous support may contain less than 5 wt % cobalt.

The supported catalyst layer may contain more than 10 wt
% cobalt.

The supported catalyst layer may contains more than 15 wt
% cobalt.

The geometric surface area of the catalyst support covered
in catalyst is more than 0.1 m2/litre; more than 0.16 m2/litre;
more than 0.2 m2/litre; more than 0.4 m2/litre more than 1.0
m2/litre;

The flow of syngas may be substantially through a porous
support containing less than 10 wt % cobalt.

The catalyst layer may be more than 0.25 mm thick; more
than 0.5 mm thick; more than 1.0 mm thick; more than 3.0
mm thick; less than 10 mm thick; less than 5 mm thick; less
than 3 mm thick; less than 1 mm thick.

The catalyst support may form a distinct single internal
surface with a geometric surface area greater than the cylinder
within which it can be inscribed.

The catalyst support may form a planar cavity and

a. Where the planar cavity has at least one nozzle inlet

b. Where the planar cavity contains catalyst substantially

covering at least one of the outer or inner surface form-
ing the cavity

c. Where the heat transfer surface adjacent to the planar

cavity is formed into a pressure vessel from the edge
welding of plates, I by brazing, by compression within a
frame or diffusion bonding of a channelled structure.

The syngas may travel further through the porous support
pores than through the catalyst layer.

The porous support may form more than one internal chan-
nel.

The porous support may form more than 10 internal chan-
nels.
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6

The porous support may form multiple channels where at
least one of the channels has a hydraulic mean diameter
greater than 5 mm.

The porous support may form multiple channels where at
least one of the channels has a diameter greater than 10 mm.

The porous support may form at least one channel with a
diameter less than 5 mm.

The porous support with multiple channels may be
arranged such that flow from the previous support section is
directed substantially to the largest channel of the following
support section.

The porous support with multiple channels may be
arranged such that flow from the previous support section is
directed substantially to the largest channel of the following
support section by blocking of the smaller channels at one
end.

The heat transfer surface area may be increased by the use
of longitudinal fins attached to the adjacent heat transfer
surface.

The heat transfer surface area may be increases by the use
of circumferential fins.

The heat transfer within a cylindrical catalyst support may
be provided by a bayonet arrangement of heat transfer tubes.

A continuous layer of less than 1 mm thick with a pore size
of'less than 1000 nm substantially free of cobalt may be fixed
to the catalyst support.

The hydrogen:carbon monoxide ratio may be from about
1.8:1t0 2.2:1.

The catalyst and porous support may be contained within
tubes of less than 60 mm diameter.

The catalyst and porous support may be placed between
heat transfer tubes of less than 60 mm diameter.

The cobalt catalyst within the Fischer-Tropsch Reactor
may be supported by a porous ceramic structure which has a
characteristic pore size greater than 500 nm.

The overall permittivity of the fixed bed of the Fischer-
Tropsch may be more than 1x107*° m.

The overall permittivity of the fixed bed of the Fischer-
Tropsch may be more than 1x107'¢ m.

The fixed bed of Fischer-Tropsch catalyst is arranged in a
cylindrical form.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be
described, by way of example only, with reference to the
accompanying drawings in which:

FIG. 1a is a Fischer-Tropsch reactor according to an
embodiment of the present invention where the reactor con-
tains heat transfer tubes which are fed with water via steam
recovered through a line;

FIG. 15 is a Fischer-Tropsch reactor according to a further
embodiment of the present invention where the reactor has a
bayonet arrangement of the heat transfer tubes;

FIG. 1cis a Fischer-Tropsch reactor according to a further
embodiment of the present invention where the reactor has a
heat transfer tube that is located in the interstitial space of the
closekj packed catalyst structures;

FIG. 1d is a Fischer-Tropsch reactor according to a further
embodiment of the present invention where in the reactor
hydrocarbon is circulated in direct contact with the internal
surface of the catalyst;

FIG. 1eis a Fischer-Tropsch reactor according to a further
embodiment of the present invention in which the compo-
nents of the reactor are arranged in a layer structure;
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FIGS. 2a to 2f are representations of catalyst pore struc-
tures according to further embodiments of the present inven-
tion; and

FIG. 3 is a representation of reactor according to a further
embodiment of the present invention.

BRIEF DESCRIPTION

Generally speaking, the present invention resides in the
provision of a Fischer-Tropsch reactor that incorporates
forced flow through a small pore catalyst and high levels of
heat transfer that is able to operate with high levels of catalyst
effectiveness.

A novel Fischer-Tropsch reactor that incorporates forced
flow through the small pore, thick catalyst layer, monolith
catalyst and high levels of heat transfer that is able to operate
with high levels of catalyst effectiveness.

The apparatus as shown in the figure comprises:

a) A syngas inlet chamber connected to one or more cata-

lyst supports by a gas tight seal

b) A porous catalyst support upon which is deposited a

continuous layer of cobalt containing catalyst

¢) A catalyst layer containing particles with a hydraulic

mean diameter of less than 500 micron through which
substantially all of the syngas must pass

d) A product gas outlet chamber connected to one or more

catalyst supports such that the unreacted gas and prod-
ucts pass through the catalyst layer and collect in this
chamber

e) High heat transfer is provided by the passage of a heat

transfer fluid close to the catalyst support, within a sec-
ondary pressure containing chamber and/or by direct
contact of the heat transfer fluid with the catalyst body

f) Where gas distribution through the catalyst body is main-

tained by the presence of a catalyst support structure that
contains substantially no catalytic material within the
pore structure

Specific Embodiment

In FIG. 1a The Fischer-Tropsch reactor 74 contains heat
transfer tubes 78 which are fed with water via line 80 with
steam recovered through a line 82. The pressure on heat
exchange tubes 78 is controlled by a back pressure valve 84 in
line 82, so that the temperature in the reactor 74 can be
controlled. The supported bed of catalyst, 90 within the reac-
tor 74 is shown in more detailed cross section in one embodi-
ment in FIG. 2a and comprises porous tubes, 201 on which a
layer of catalyst particles, are deposited. The catalyst particles
are typically 200 microns in diameter that and form a bed of
catalyst, 103 that is typically 1 mm deep. The support for the
catalyst is shaped in a form such as a star shape as shown in
FIG. 2a such that, examining the cross section of the bed, the
internal perimeter of the bed is greater than the perimeter of
the circle within which it can be inscribed. The small bed
depth and folding of the bed allows use of a low permeability
catalyst bed, typically less than 5x10"(~15)m, while allowing
a high volumetric concentration of catalyst and formation of
a large surface area to be presented to a heat transfer surface
or fluid. The folding of the catalyst bed also produces a
thinner layer of catalyst which allows used of a lower thermal
conductivity of catalyst and support. The supported catalyst is
held in close proximity to a heat transfer tube, 105, typically
within 5 mm and may be operated with substantial parts of the
catalyst in thermal contact with the heat transfer section. The
tube 105 is shown with a finned structure, 108, to extend the
heat transfer surface area and improve thermal contact with
the catalyst. In operation the synthesis gas mixture is intro-
duced into void space 102 bounded by the external heat
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transfer surface 107 which may form a pressure shell. The
gases pass through the porous structure 101, which typically
has pores in excess of 1000 nm to the catalyst bed 103 where
the pore structure is significantly smaller. The movement of
the gas through the catalyst bed enables a high catalyst effec-
tiveness to be maintained. The product and gases are then
collected in chamber 104. Within chamber 106 there is a heat
transfer mechanism that maintains the wall 105 at the desired
reaction temperature. Such mechanisms for control of the
heat transfer surface include the boiling of water, the circu-
lation of a hydrocarbon or the use of specialist heat transfer
fluid. A variation of this embodiment would be to operate in
the absence of the heat transfer surface 107. This would have
the benefit of making the reactor more compact, but reduces
the heat transfer effectiveness of the reactor design.

A second embodiment of the reactor, shown as a variation
in the reactor 574 is shown in FIG. 15. A bayonet arrangement
of'the heat transfer tubes is used in which water is fed through
line 680, passes though the manifold 681 to the far end of the
interior of the heat transfer tube 694. The heat transfer tubes
694, remove the heat of reaction away to a section of the
reactor 692 and exits the reactor through line 688. The syngas
is fed through line 668, passes through the supported catalyst
690 and additionally contact the heat transfer surface 678.
Heat from the reactor is additionally removed by the contact
of the water, fed into the reactor through line 680, with the
surface 678 and leaving the reactor through the line 682.

A variation in the arrangement of the supported bed of
catalyst that can be used in the first two reactor embodiments
also utilising forced flow through the catalyst pore structure is
shown in FIG. 2b. In this arrangement the support of the
catalyst, 201 is a porous metallic, thermally conducting struc-
ture which is in thermal contact with the heat transfer surface
207. The synthesis gas is introduced into chamber 202 and
then forced by pressure through the catalyst bed 203 and
porous or perforated metallic wall 201, collecting in chamber
204. A further heat transfer surface is provided, 205, within
which heat transfer fluid 206 is circulating.

A third reactor embodiment is shown in FIG. 1¢ in which
the cylindrical heat transfer surface 694 in FIG. 15 that sur-
rounds the catalyst body is replaced with a heat transfer tube
that is located in the interstitial space of the close packed
catalyst structures. The location of these additional tubes are
seen as 507 in FIG. 2e. In the FIG. 1¢ water is introduced
through line 780 and is fed through the manifold system 781
to the bayonet tubes 794. The water then collects in chamber
792 and exits through line 796. Additionally the water may
also exit from chamber 792 through the additional heat trans-
fer tubes 779 and exit from the reactor through line 782.

FIG. 1d shows a variation in the catalyst configuration that
is shown incorporated in the fourth reactor embodiment 774,
FIG. 1¢. In this variation a monolith type of support 501 is
utilised except that the syngas for reaction passes from cham-
ber 502 through the support 501 and through the catalyst layer
503 and into the channels 509. The forced flow enables
thicker layers of catalyst to be utilised. The products and
excess syngas is able to collect in chamber 504 through
breaks at intervals in the monolith structure. The extended
heat transfer surface 505 and the additional heat transfer tube
507 removes the heat of reaction.

A fourth embodiment of the reactor is shown in FIG. 1d
which is a variation of the fourth embodiment in which the
bayonet style of heat transfer surface 794 is removed and in its
place hydrocarbon is circulated in direct contact with the
internal surface of the catalyst. The syngas is fed into the main
chamber 869, which is essentially dry, through line 868. This
syngas then passes through the catalyst body 890 and contacts



US 9,381,486 B2

9

the circulating fluid entering through line 881. The two phase
mixture of liquid hydrocarbon, containing liquid hydrocar-
bon products and gaseous hydrocarbon products and unre-
acted gases exits through line 882 and passes to separator 891.
Additionally hydrocarbon heat transfer fluid also enters the
heat transtfer tubes 878 and exits the reactor through line 879
and passes to the separator 891. Gaseous products and unre-
acted gas exit the separator through line 895. Liquid products
and circulating hydrocarbon exit the separator 891 through
line 892, from which a product draw is taken through line 893.
The remaining liquid hydrocarbon is cooled, pressurised and
returned to the reactor through lines 881 and 880. Line 881
can be isolated during start-up using valve 896 to ensure that
the chamber 869 remains dry. Sufficient pressure drop across
the catalyst structure is maintained to ensure flow of coolant
hydrocarbon through the structure 890 does not occur.

FIG. 2¢ shows a variation in the catalyst structure that is
suitable for the fifth embodiment of the reactor 874 such that
the majority of the heat of reaction passes to the hydrocarbon
fluid in chamber 306. The FIG. 2¢ illustrates the chamber 302
into which the syngas is fed and maintained at desired reac-
tion temperature through thermal contact with the heat trans-
fer surface 307. The gases then pass through the support
structure 301, the catalyst layer 303 into the void space 304.
An optional porous structure 307 is shown which guides the
majority of the circulating hydrocarbon flow through the cen-
ter of the tube, therefore reducing any mechanical attrition of
the catalyst whilst at the same ensuring good thermal contact
of the heat transfer fluid with the catalyst.

Furthermore the gas fraction within the chamber 306 may
be sufficient to lower the overall bulk density of the fluid such
that recirculation of the hydrocarbon fluid may occur, either
within the reactor or with an external loop in a similar manner
to a thermosyphon mechanism of a heat exchanger of a boiler
where the reduced overall density of liquid due to the pres-
ence of vapour spaces causes the fluid to be displaced by
cooler liquid continuous fluid. External cooling of the fluid
could similarly be performed without the use of an external
pump.

A further variation of catalyst structure is shown in FIG. 2d
in which a high permeability supported bed of catalyst, 403 is
supported on a mechanically strong porous support, ceramic
or metallic, 401. The synthesis gas passes from the external
chamber 402 to the internal chamber 404. In this embodiment
a heat transfer surface, 405 and 407 is provided both internal
and external to the fixed bed.

A fifth embodiment of the reactor is shown in figure if in
which the components of the reactor are arranged in a layer
structure. Details of the arrangement of the catalyst are shown
in FIG. 2f. The catalyst layer 903 is supported on a porous
support 901 forming a flat chamber 902. The syngas is fed
into the chamber 902 through the nozzle 908 and is forced to
pass through the catalyst layer 903. Heat transfer is provided
by intimate contact of the catalyst layer with a plate structure
909 that may be constructed by a combination of welding and
spot welding to produce a pressure vessel. The structure may
also be produced by brazing of plates, well known in the art of
heat exchanger manufacture. The entire assembly can be held
together either within a frame, allowing a gasketed structure
to hold the pressure. Alternatively the heat exchange elements
may be brazed together as shown in figure if leaving sufficient
gaps, typically around 10 mm for the subsequent insertion of
catalyst. The coolant is fed into nozzle 910 and distributed
through the header 911 into the individual heat exchange
panels 909 and then exits through nozzle 913. The syngas is
fed through the service plate, not shown, and into the mani-
fold 914 distributing the gas to the catalytic plates 915. The
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service plate is held in place by bolting located in through the
holes 912. The entire assembly is arrange with the planar
catalyst structures 915 and heat transfer structures 909 in the
vertical orientation such that any liquid forms drop to the base
of the chamber 904 for ready removal.

According to the present invention an apparatus has been
provided that enables high productivity powder catalyst for-
mulations to be supported in a Fischer-Tropsch reactor pro-
ducing a high volumetric catalyst loading and high heat trans-
fer capability. The flow-through arrangement of the catalyst
layer produces a reactor that gives high mass transfer capa-
bility without the tendency to wetting and channeling and
without the limitations on catalyst formulations producing a
reactor that is overall compact, reduced cost and more pro-
ductive than other technology combinations.

Whilst specific embodiments of the present invention have
been described above, it will be appreciated that departures
from the described embodiments may still fall within the
scope of the present invention. For example, any suitable type
of fixed bed reactor may be used.

EXAMPLE SECTION

A catalyst powder was prepared by the following method:

A high surface area gamma alumina with 170 m2/g of
surface was impregnated with cobalt and ruthenium using the
incipient wetness technique and then dried and calcined to
produce a catalyst powder containing 20 wt % cobalt and 0.5
wt % Ruthenium with a dispersion of approximately 8%, as
determined by hydrogen chemisorption.

A suspension of this material was then prepared by agita-
tion of the catalyst powder with a mixture of distilled water,
hydroxyethylcellulose and an additional portion of high sur-
face area gamma alumina to act as binder. This suspension
was then coated onto a low surface area porous ceramic
structure made from 75% titania, 25% alumina with a char-
acteristic pore size of around 6000 nm. The particle size of the
suspended solid components and the viscosity of the suspen-
sion was chosen such that penetration of the solid components
into the low surface area ceramic structure was not appre-
ciable.

The catalyst powder is coated as a surface layer onto the
porous ceramic either on the outer surface, 5, or on the inner
surface, 6 in FIG. 4a. The porous ceramic cylinder, 7 contains
internal structure and is shown in more detail in cross section
in FIG. 45. The amount of inner surface has been extended by
the use of a channelled structure; the channels, 10, are shown
in cross section in FIG. 4b.

After calcination at 250 deg C. in air for 10 hours the
ceramic cylinder was then placed within a reactor as shown
schematically in FIG. 3. Reduction of the catalyst takes place
under flowing hydrogen for 14 hours at 350 deg C. and 1 barg
the activity of the catalyst structure is determined from the
consumption of syngas at temperatures between 190 and 220
deg C. The inlet gas syngas (H2/CO/N2, 58/28/14) is intro-
duced at point 1 or point 2 and the product gas and liquids are
withdrawn through point 3 or point 4. Only one inlet and one
outlet are used. The conversion is determined from a mea-
surement of the gas flow rate in and out of the reactor and
analysis of the gas by GC.

Example 1

9.2 g of catalyst powder was washcoated to the external
surface of the porous cylindrical support. After calcination
and reduction the layer thickness was determined to be
approximately 0.6 mm. The catalyst was then loaded in a
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reactor and tested for activity at 210 deg C and 15.3 barg with
an inlet flow of 1.1 L(n) per min of syngas. The performance
is shown in table 1.

TABLE 1
Catalyst

Temperature/  productivity/  Selectivity
Flow configuration deg C. gHC/gCo.h to CH4
1 in, 3 out. Flow through 210 0.64 15%
2 in, 4 out. Flow through 210 0.70 11%
2 in, 3 out. Flow past 210 0.33 31%
1 in, 4 out. Flow past 210 0.51 22%

This shows how forcing gas flow through the porous sup-
port and catalyst layer improves the activity of the catalyst
and decreases the amount of methane made by the catalyst.
This is consistent with improved mass transfer in the catalyst
pores.

Example 2

12.9 g of catalyst powder was washcoated to the external
surface of the porous cylindrical support and 12.1 g of catalyst
was washcoated to the inside of the support channels. After
calcination and reduction the layer thickness was determined
to be approximately 0.8 mm on the outside of the support and
approximately 0.5 mm on the inside surface giving a total
layer thickness in excess of 1 mm. The catalyst was then
loaded in a reactor and tested for activity at 210 deg C. and
15.3 bargwith an inlet flow of 1.1 L(n) per min of syngas. The
performance is shown in table 2.

TABLE 2
Catalyst

Temperature/  productivity/  Selectivity
Flow configuration deg C. gHC/gCo.h to CH4
1 in, 3 out. Flow through 220 1.17 7.6%
2 in, 3 out. Flow past 220 0.53 18.1%
1 in, 3 out. Flow through 220 1.11 6.3%
2 in, 4 out. Flow through 220 0.95 8.9%

This shows how forcing gas flow through the porous support
and catalyst layer improves the activity of the catalyst and
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decreases the amount of methane made by the catalyst. This is
consistent with improved mass transfer in the catalyst pores.
The effect is more marked with a thicker catalyst layer.

The invention claimed is:

1. A reactor for converting synthesis gas in a Fischer-
Tropsch process using a supported catalyst to produce heavy
paraffins, wherein the catalyst is supported on a distinct
porous structure through which the synthesis flow is forced
and the catalyst layer has a thickness of more than 200
microns, wherein the catalyst support forms a distinct single
internal surface with a geometric surface area greater than a
cylinder within which it can be inscribed; wherein the catalyst
support forms a planar cavity and

a. wherein the planar cavity has at least one nozzle inlet;

b. wherein the planar cavity contains catalyst substantially

covering at least one of the outer or inner surface form-
ing the cavity; and

c. wherein a heat transfer surface adjacent to the planar

cavity is formed into a pressure vessel from the edge
welding of plates, by brazing or by compression within
a frame or diffusion bonding of a channelled structure.

2. A reactor for converting synthesis gas in a Fischer-
Tropsch process using a supported catalyst to produce heavy
paraffins wherein the catalyst is supported on a distinct
porous structure through which the synthesis flow is forced
and the catalyst layer has a thickness of more than 200
microns, the reactor comprising a heat transfer device,
wherein the heat transfer is within a cylindrical catalyst sup-
port provided by a bayonet arrangement of heat transfer
tubes; and wherein a continuous layer of less than 1 mm thick
with a pore size of less than 1000 nm substantially free of
cobalt is fixed to the catalyst support.

3. A reactor for converting synthesis gas in a Fischer-
Tropsch process using a supported catalyst to produce heavy
paraffins, wherein the catalyst is supported on a distinct
porous structure through which the synthesis flow is forced
and the catalyst layer has a thickness of more than 200
microns, wherein the catalyst and porous support is placed
between heat transfer tubes of less than 60 mm diameter; and
wherein a cobalt catalyst within the Fischer-Tropsch Reactor
is supported by a porous ceramic structure which has a char-
acteristic pore size greater than 500 nm.
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